Do artificial reefs serve as productive marine fish habitats (sources) or do fish assemblages of such reefs contribute little to the gene pool of succeeding generations (sinks)? Using data from a 24-year study of the breakwater at King Harbor (California, USA), annual densities of reef fish larvae were compared with densities observed elsewhere in the Southern California Bight. Larval production at King Harbor has decreased over the study period, as has the size of the fish assemblage. Both declines may be related to recorded increases in water temperature. Larval densities from similar water depths (0-15 m) throughout the bight vary widely between sites and years. However, the mean percentage represented by reef fish among all larvae at King Harbor was 51% during those 5 years for which bight-wide samples were available (35% for all years) compared to 5% in the bight-wide samples. Utilizing larvae of 12 genera of reef fish species common to the samples, five were significantly more abundant in King Harbor samples. Results indicate that the breakwater represents a mature artificial reef and contributes to the reef fish larval pool of the bight, acting as a source rather than a sink.
Introduction
An ongoing argument concerning the efficacy of artificial reefs in enhancing fish populations concerns whether such reefs serve primarily to aggregate fishes or actually become sites of primary and secondary productivity comparable to natural reefs (Bohnsack, 1989; Lindberg, 1997) . Part of this question was answered by an 8-month study of gonadal and somatic growth of fishes on Torrey Pines Artificial Reef Johnson et al., 1994) . This short-term study showed that some fish species grow on that reef and produce gametes, thereby contributing to the reproductive pool. Because larvae produced on a reef are generally distributed through larval drift, with few if any offspring settling to their site of origin, an analysis of the fate of these larvae is most likely unattainable. Carr and Hixon (1997) further complicated the issue by refining the question to include relative production on artificial versus natural reefs. If the inhabitants of artificial reefs produce less larvae or larvae with lower survivorship than congeners occupying natural reefs, artificial reefs could have a negative effect on regional populations (the source/sink continuum). We doubt that it will be possible to determine such differences in survivorship but it is possible to develop an estimate of larval density produced by wellstudied artificial reefs. If we assume similar larval survival, relative productivity could give us an estimate of larval contribution to the regional pool.
King Harbor breakwater, built between 1950 and 1958, is such an intensely studied structure, where the fish assemblage has been examined since 1974 (Terry and Stephens, 1976; Stephens and Zerba, 1981; Stephens et al., 1986 Stephens et al., , 1994 Pondella and Stephens, 1994) . We now have 24 years of data, including quarterly or monthly densities of adult/subadult fishes, juvenile settlement, and larval density. Larval data include stratified samples by month from 3-7 stations adjacent to the breakwater (Figure 1 ). The larval studies were initiated primarily to observe densities of pre-settling larvae that could be expected to recruit at the site but have been relatively ineffective in that respect, because the vast majority of the larvae caught were early-hatch stages of local reef inhabitants (Stephens et al., 1986) . Here we use these data instead as an estimate of larval productivity and compare larval densities taken in samples adjacent to the breakwater to data on larval density available for the same years at similar water depths throughout the Southern California Bight.
Materials and methods
The breakwater at King Harbor is an isolated, quarry rock structure located in southern Santa Monica Bay, an area of sandy beaches. The closest natural rock reefs are at the Palos Verdes Peninsula, 9 km to the southwest and at Catalina Island and Malibu 45 km to the west and north, respectively. Ichthyoplankton samples have been taken monthly since 1974. Collections are made with a 333 standard conical meter net fitted with a TSK flowmeter. Three types of vertically stratified samples have been taken: surface (upper 2 m, mid-depth 4-6 m, and bottom 9-10 m). Bottom samples were originally taken with two divers guiding the net to as close to the substrate as possible. More recently, bottom samples are taken with a meter net attached to an epibenthic sled. Neuston samples have been collected using a modified meter net sampler. Surface samples are taken at night, while mid-depth and bottom strata are sampled diurnally. Samples are preserved in a formaldehydeborate solution and subsequently sorted to the lowest possible taxon. A total of 1812 sorted samples collected between 1974 and 1998 were used.
Bight-wide samples used for comparison were taken between 1978 and 1986 in a joint programme carried out by the Los Angeles County Natural History Museum, Occidental College, and Southern California Edison Petersen et al., 1986; McGowen, 1993) . Samples were taken bimonthly at night with a modified opening and closing bongo with 70 cm 333 conical nets. The bongo was fished obliquely; bottom to surface at water depths of 8, 15, 22, 36, and 75 m, but only the 8 and 15 m stations were used here, because they compare to the King Harbor sample depths. Data from five years (1978, 1979, 1982, 1983, and 1984) were available. All densities have been standardized as number of larvae m 3 of water filtered. When considering only larvae produced by reef fishes, species that inhabit soft substrate (flatfish, most sciaenids) as well as pelagic species (clupeoids, scombrids) were eliminated. The selection is best represented by rock-nesting species like most blenniids, clinids, labrisomids, and pomocentrids as well as some gobies and cottids. We also include some water-column spawners with a strong association to reef habitats: serranids, labrids, and kyphosids.
Results and discussion
Over the period 1974-1997, the environmental conditions at King Harbor changed from cold temperate to warm temperate, and the composition of the fish assemblage has changed accordingly Holbrook et al., 1997) . Water temperatures at the site have been relatively warm since 1978, when a small El Niñ o event precipitated warmer conditions. A second major El Niñ o in 1982-1984 exacerbated the warming with additional smaller events in the 1990s.
Larval density has decreased during this period ( Figure 2A ) since a peak in 1979, probably owing to the changing conditions, although a concomitant decrease in zooplankton volume ( Figure 2B ) did not occur until a decade later. The annual mean number of taxa per tow has decreased from a peak of 15.7 in 1976 to a low of 3.2 in 1997 (long-term mean: 10.3). Roemmich and McGowan (1995) have shown an 80% decrease in zooplankton volume in the California Current off Southern California (calcofi line 90) since 1951 with most of the change occurring since the late 1970s. Part of the decrease in larval density, however, may be related to heavy storm damage to the nesting habitat (1985, 1988) and further destruction during breakwater renovation and harbor dredging (1989) (1990) (1991) (1992) . In general, total larval abundance fluctuates widely among King Harbor and bight-wide samples. The grand mean for King Harbor samples (all tows, all stations, all depths, all taxa) is 4.5 larvae m 3 . On average, 34% of these larvae were produced by reef-dwelling species. Considering only years for which comparative data are available (Table 1) , the annual mean total larvae for the period is 2.5 for King Harbor samples and 4.2 for bight-wide samples. However, the fraction of reef produced larvae in the King Harbor samples (mean 51%; range 30-75%) was extremely high compared to the fraction observed in the bight-wide samples (mean 5%; range 2-8%). Examining only station KHDS (Figure 1 ) located just outside the mouth of the harbor, reef larvae still account for about 50% of all larvae.
Is the low percentage of reef larvae in the bight-wide samples a result of low density or are the numbers of these larvae overwhelmed by the density of larvae from species not associated with reefs? While total larval density in the bight-wide samples was often higher in the 5-years comparative data set, the density of reef fish larvae varied between 5% and 26% of those in the King Harbor samples. There are just fewer reef fish larvae in the bight-wide samples taken from the same depth range, though probably not taken as close to natural rock or artificial reef substrate. Larval competition may be a factor here, but that is well beyond the realm of this study.
How does larval density distribution vary within the bight? The 1979-1980 data had the most extensive coverage within the Bight (Table 2 ) and the highest densities were observed off Redondo Beach, close to King Harbor. Kendall's rank correlation test showed no significant concordance between King Harbor and Redondo Beach samples in this year, while Redondo Beach samples were significantly concordant with other bight-wide samples (p=0.01). Again, the contribution of reef species to Redondo Beach samples was only 4% and although the actual mean density of reef larvae (0.6) was much higher than usual for the bight, species composition was typical of a soft substrate habitat. (Figure 2A) . However, areas such as Seal Beach and Ormond Beach appear to remained consistently more productive than the other two. Figure 3 compares annual densities of 12 reef species at King Harbor (all years) to the averages in bight-wide samples for the 5 years for which data are available. Larval densities of Cheilotrema saturnum, Chromis punctipinnis, Halichoeres semicinctus, Oxyjulis californica, and Paralabrax sp. in bight-wide samples exceeded those recorded at King Harbor in one or more years. All others were more abundant in the King Harbor samples. A paired t-test showed that annual densities of five species were significantly higher in King Harbor samples (Gibbonsia sp., Hypsoblennius sp., Hypsypops rubicundus, Lythrypnus sp., and Paraclinus integripinnis; p>0.05) and no species was significantly more abundant in bight-wide samples (Table 3) .
There are several problems in comparing plankton samples taken from King Harbor against those from the bight-wide sampling program, particularly in relation to different methodologies used in field sampling within a protected, semi-enclosed site like King Harbor as opposed to an open coast. The bight-wide samples were taken in oblique tows intended to sample larvae equally (bottom substrate to surface) at water depths of 8 and 15 m, while King Harbor samples represent horizontal tows taken from surface, bottom, or mid-depth strata, in similar water depths. If the larvae are unequally distributed across depth strata, those more common in surface or bottom layers will be preferentially collected by the latter method. Indeed, larvae appear to be more numerous in surface as well as in bottom strata. In fact, sampling methodology at King Harbor was developed in an attempt to capture pre-settling stages and we purposely sampled those strata where they were most likely found. Mean larval density by depth stratum (all years, all stations; Table 4) shows the following significant (chi square, p=0.01) depth relationship of larval density: bottom>surface>neuston>mid-depth. The Kendall rank correlation test, ranking species by larval density in surface and bottom samples, was not significantly concordant, indicating different larval communities even in these shallow waters. The samples collected at station KHDS from the three depth strata may be used to approximate an oblique sample, although oblique samples are always somewhat biased to middepth, the stratum with the lowest density. For example, assuming that the surface and bottom strata include the upper and lower 2 m of the 10-m water column, respectively, the remaining range (6 m) is included in the mid-depth stratum. Recalculating mean densities of 14 common reef species for the KHDS samples as if they were representative of oblique tows (enhancing the middepth contribution) yielded nine species with significant chi-squares when compared to bight-wide samples (Gibbonsia sp., Gobiesox rhessodon, Hypsoblennius sp., H. rubicundus, Lythrypnus sp., O. californica, P. integripinnis, Paralabrax sp., and Ruscarius creaseri). Of these, all but two (Paralabrax sp. and O. californica) were more abundant in KHDS samples. Because these results do not differ appreciably from those obtained by averaging the three depth samples, we conclude that the differences noted are not caused by sampling bias. Barnett et al. (1984) examined the distribution and densities of shallow-water fish larvae (1977) (1978) (1979) off San Onofre, generally a soft-bottom site. Average larval density in the depth range 8-12 m (2.41 m 3 ) was similar to those recorded for King Harbor. The estimated fraction of reef fish larvae was less than 2% and the densities of the three reef species recorded (Gibbonsia sp., G. rhessodon, and Hypsoblennius sp.) were similar to those recorded in bight-wide samples and very low compared with those from King Harbor.
We also have 11 years of data on larval densities (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) from Marina del Rey obtained by using the same sampling methodology. This site lies about 20 km north of King Harbor and is an enclosed, quarry rock-lined, small boat harbour connected to the ocean by a mile-long entrance channel (Stephens et al., 1992) . Species richness at Marina Del Rey is low (mean 3.7 species/tow) compared to King Harbor during the same period (mean 7.9), but larval density (mean 3.0) is close to that of King Harbor samples. Generally, there were only one or two reef species in the Marina Del Rey larval assemblage at any point in time (Hypsoblennius sp., P. integripinnis, or G. rhessodon) and these species accounted for 20% of the assemblage. By contrast, in a single year's study of the ichthyoplankton of a Palos Verdes kelp bed (Stephens et al., 1984) , reef species made up 69% of the ichthyoplankton but larval density was low (mean=0.3 m 3 ; 30 samples). These samples were collected diurnally by diver-towed nets, a method that would allow a high probability of net avoidance.
We conclude that the breakwater at King Harbor is a mature and productive artificial reef that contributes generously to the reef fish larval pool of the Southern California Bight. Densities of most reef fish larvae are much higher adjacent to the reef than in surrounding waters. It would be interesting to have comparable data from a natural reef in the bight, but apparently such data do not exist. However, when results on viviparous surfperches Pondella et al., 2002) are added to the equation, there can be little doubt that mature breakwater fish communities can be as productive as natural reefs in the region. 1974-1997; triangles: bight-wide samples, 1978-1984) . 
